ABSTRACT. Objective. To evaluate the impact of fat and fiber intake on energy and nutrient intake of 15-yearold adolescents.
M
any scientific organizations recommend moderation in dietary fat intake and an increase in dietary fiber intake for children and adolescents. 1 The National Cholesterol Education Program recommends a diet containing Յ30% of total energy from fat for all Americans 2 years of age or older. 2 The American Academy of Pediatrics recommends a gradual transition between 2 and 5 years of age to a diet containing Յ30% and Ͼ20% of energy from fat, with saturated fat providing Ͻ10% of energy and dietary cholesterol intake Ͻ300 mg/day by 5 years of age. 3 The Dietary Guidelines for Americans also recommend a gradual transition to a diet containing Յ30% of energy as fat by 5 years of age. 4 A joint report of the Canadian Paediatric Society and Health Canada advocates a slower transition to a low-fat diet throughout childhood and adolescence, recommending attaining Յ30% of energy from fat by the end of linear growth in late adolescence. 5 In addition to dietary fat intake recommendations, scientific organizations also make varying recommendations for dietary fiber intake for children and adolescents. 6 -9 The American Health Foundation recently proposed a daily fiber intake of "age plus 5," or 5 g of fiber plus 1 g fiber for every year old the child is up to the age of 20, after which the adult intake of 25 to 35 g is recommended. 7, 8 In more general terms, goals outlined in Healthy People 2000 target a minimum fruit and vegetable intake of 5 servings daily. 9 Although the benefits of low-fat, high-fiber diets for chronic disease prevention in adults are welldocumented, 10 some researchers have expressed concern that overzealous use of such diets could compromise the nutritional status of children and adolescents, possibly interfering with normal growth and development. 11, 12 Researchers suggest that elimination of high-fat foods could reduce intake of certain nutrients, whereas too much emphasis on highfiber foods could decrease energy intake or affect bioavailability of nutrients.
A few researchers have reported the effects of adopting a low-fat diet on nutrient intake of younger children 13, 14 or a wide age range of children. 15 These studies generally show no adverse effects from lowering fat intake, although 1 study 14 reported potential risk of inadequate intake of certain nutrients with lower fat intake. The effects of a low-fat diet combined with high-fiber intake on nutrient intake of an exclusively adolescent population have not been reported. Adequate nutrient intake is especially important during periods of rapid growth, such as during adolescence. The purpose of this study was to evaluate the impact of low-fat and high-fiber intake on energy and nutrient intake of 15-year-old adolescents. Based on 24-hour recall data, subjects were classified into 4 quadrants of high or low dietary fat and fiber intake, and energy and nutrient intake of subjects in each quadrant were compared.
METHODS

Study Design
This study was part of a larger study, Gimme 5: A Fresh Nutrition Concept for Students. The Gimme 5 program was 1 of 9 studies funded by the National Cancer Institute to evaluate population-based strategies to achieve an intake of 5 fruits and vegetables daily 16 and was designed to increase fruit and vegetable consumption among high school students in Louisiana. More complete details of the Gimme 5 program, including study design, intervention, and process and outcome data, are published elsewhere. 17, 18 In the current study, dietary data from 24-hour recalls collected on a random sample of 711 consenting ninth-grade students during the baseline period (Spring of 1994) of the Gimme 5 program were analyzed. Subjects meeting criteria for 1 of 4 dietary groups based on fat and fiber intake were then identified, including 319 (45%) of the initial 711 participating students. The dietary groups studied were composed of students meeting criteria for 1 of 4 distinct quadrants of dietary fat and fiber intake: low-fat and low-fiber intake (LL group, with intake of fat always listed first and fiber second), low-fat and high-fiber intake (LH group), highfat and low-fiber intake (HL group), and high-fat and high-fiber intake (HH group).
In this study, low-fat intake was defined as Ͻ30% of total energy intake, whereas high-fat intake was defined as Ͼ40% of total energy intake. Low-fiber intake was defined as Ͻ15 g/day, whereas high-fiber intake was defined as Ͼ20 g/day, meeting the age plus 5 recommendation for 15-year-old adolescents. The fat and fiber intake criteria used in this study were designed to include only those students with high-or low-fat and fiber intakes and excluded students with medium intakes to provide 4 distinct and well-defined groups. Intake of energy and nutrients then were compared among groups. Vitamin and mineral intakes were compared on a per 1000 kcal basis to adjust for varying energy intakes.
Subjects
All students were ninth graders attending 1 of 12 different high schools in the Archdiocese of New Orleans, Louisiana. The 711 initial students participating in the 24-hour recall collection included 426 females (60%) and 285 males (40%) with a mean age of 14.8 years. Students were predominantly white (84%), with the remaining students (16%) being African-American, Hispanic, or Asian. The 319 subjects meeting defined criteria for high-or lowfat and fiber intake included 220 females (69% of the 319 subjects) and 99 males (31%). Of these 319 subjects, 82% were white, and 18% were non-white.
Experimental plans, procedures, and consent forms for this study were reviewed and approved by the Tulane University Medical Center Ethics Institutional Review Board for Human Subjects. Active consent was received from the participants.
Dietary Assessment Methodology
Dietary intake data were based on 24-hour recalls collected using a validated method adapted from the Bogalusa Heart Study 19 and the Child and Adolescent Trial for Cardiovascular Health. 20 Trained and certified nutritionists conducted the 24-hour recalls in the schools using a face-to-face interactive interview. All 24-hour recalls were for weekdays and excluded weekend consumption.
Quality controls included a standardized protocol, 21 food models, a product identification notebook for snack probing, 19 and family recipes collected. School menu data also were collected, making it possible to accurately describe dietary intakes from school meals. The Minnesota Nutrient Data System, Version 2.2 (Nutrition Coordinating Center, University of Minnesota, Minneapolis, Minnesota) was used to analyze the 24-hour recall and school menu data. Additional details of the menu collection and quality assurance procedures are described elsewhere. 22, 23 Intake of vitamins and minerals were compared on a per 1000 kcal basis to adjust for varying energy intakes. Dietary intake data also were compared with the Recommended Dietary Allowances (RDAs). 24 The percentage of subjects meeting or exceeding two thirds of the RDA for a nutrient were compared with the percentage consuming less than two thirds of the RDA as an estimate of nutrient adequacy.
Statistical Analyses
Data were analyzed using analysis of variance techniques with the unweighted means solution for unequal n. Data were analyzed separately by gender and racial distribution to identify differences in gender and ethnic responses. Pairwise comparisons were tested using Newman-Keuls Studentized Range tests. Dietary adequacy data (percentage of subjects meeting two thirds of the RDA) were analyzed using logistic regression methods. Analyses were considered statistically significance at P Ͻ .05.
RESULTS
Groups Distributions
Of the 711 students initially participating in the 24-hour recall collection, 37.2% had a dietary fat intake Ͻ30% of total energy intake, whereas 18.8% had a fat intake Ͼ40% of energy intake. Of the students, 21.9% consumed Ͼ20 g dietary fiber daily, whereas 56.6% consumed Ͻ15 g fiber daily.
Of the 711 students screened, 319 met criteria to be included in 1 of the 4 fat/fiber intake groups. Only 55 students (8% of the original 711 students) met current nutrition recommendations of fat intake Ͻ30% of energy and fiber intake Ͼ20 g/day, the criteria for the LH group. At the opposite end of the quadrant, 87 students (12% of the original 711 students) had high-fat intake and low-fiber intake (HL group). Another 21% of the original 711 students had low-fat intake but also low-fiber intake (LL group), whereas 4% had high-fat and also high-fiber intake (HH group). The remaining 55% students had medium intakes of fat and/or fiber and were not included in the fat/fiber intake groups. Table 1 shows the gender and ethnic distributions of the subjects in each of the 4 fat/fiber intake groups included in this study. Significant differences in the distribution of fat/fiber intake groups were found for ethnic background and gender. Fifty percent of non-white students were in the high-fat groups compared with 32% of white students (P Ͻ .05), but there were no significant differences between the 2 ethnic groups for fiber intake distribution. Although there were no significant differences in gender distribution across the low-fat categories, only 13% of females consumed Ͼ20 g fiber/day compared with 54% of males (P Ͻ .0001). Table 2 shows daily intake of energy, fiber, and cholesterol and percentage of energy from macronutrients for each of the fat/fiber groups. Because significant gender differences were found, intakes of females and males are reported separately. Ethnicity was included as an independent variable in the gender-specific analyses.
Energy, Fiber, Cholesterol, and Macronutrient Intakes
For females, energy intake of the HH group was significantly higher than all other groups (P Ͻ .0001), whereas energy intake of the LL group was significantly lower than all other groups (P Ͻ .01). Energy intake of the HL and LH groups did not differ significantly. For males, subjects in the 2 low-fiber groups consumed less energy than did subjects in the high-fiber groups (P Ͻ .001). Subjects in the LH group had significantly lower energy intakes than subjects in the HH group (P Ͻ .001).
For both males and females, subjects in the 2 highfat groups had significantly lower percentages of energy from carbohydrates compared with subjects in the low-fat groups. For females, the 2 high-fat groups also differed from each other (P Ͻ .05), as did the 2 low-fat groups. For males, no differences in the 2 high-fat or low-fat groups were observed (P Ͻ .01). For females, subjects in the HL group obtained a significantly lower percentage of their energy from sucrose than did subjects in the LL group (P Ͻ .05). For males, no significant differences in percentage of energy form sucrose between fat/fiber groups were observed.
As expected, the percentage of energy from saturated fat was higher in both high-fat groups compared with low-fat groups in both males and females (P Ͻ .0001). For females, the percentage of energy from saturated fat was lower in the HH group than in the HL group (P Ͻ .05), and lower in the LH group than in the LL group (P Ͻ .05). For males, no significant differences in the percentage of energy from saturated fat between the 2 high-fat groups or the 2 low-fat groups were observed. Also as expected and by group definition, the percentage of energy from fat was significantly different in both high-fat groups compared with both low-fat groups for both males and females, as was intake of dietary fiber in both high-fiber groups compared with both low-fiber groups. For females, the LL groups had a higher percentage of energy from fat than the LH group (P Ͻ .05). For males, no significant differences between the 2 high-fat groups or between the 2 low-fat groups were found.
For both males and females, high-fiber groups had significantly lower energy-adjusted cholesterol intakes than low-fiber groups. For females, the HH group had a lower cholesterol intake compared with Race both the low-fiber groups (P Ͻ .01). Further, the LH group had a lower cholesterol intake compared with both the HL and LL groups (P Ͻ .05). Patterns were similar for males, with the HH group having a lower cholesterol intake compared with both the LL and HL groups (P Ͻ .0001), and the LH group having a lower intake compared with the LL group (P Ͻ .001) and the HL group (P Ͻ .01). Table 3 shows intake of 16 vitamins and minerals (adjusted for energy intake) included in the dietary analyses for each of the fat/fiber groups. Again, because of significant gender differences, results for females and males are listed separately.
Vitamin and Mineral Intakes
For both females and males, subjects in the HL group had significantly lower relative intakes of vitamin C compared with subjects in the LH group (P Ͻ .05). In females, the LH group had significantly higher intakes of folic acid than all 3 other groups (P Ͻ .01). For males, both high-fat groups had lower intakes of both folic acid and thiamin than the LH group (P Ͻ .05). For both females and males, the 2 low-fiber groups had lower intakes of magnesium than the 2 high-fiber groups (P Ͻ .05), with greater differences between the HL and the LH groups (P Ͻ .0001 for females and P Ͻ .01 for males).
For females, the LH group had significantly higher intakes of potassium than all the other 3 groups (P Ͻ .01). For non-white males, the LH group had significantly higher potassium intakes than all other groups (P Ͻ .001). No significant differences in potassium intakes among groups were noted for white males. For all males, several significant differences in sodium intake were found among groups, with no particular pattern noted. Figures 1 and 2 give the percentage of subjects in each group consuming less than two thirds of the RDA for each of the vitamins and minerals included in the analysis. Analysis of RDA adequacy using logistic regression methods showed that, regardless of fat intake, subjects with high dietary fiber intake were more likely to have adequate intakes of vitamins A, B6, B12, and C; niacin; thiamin; riboflavin; folacin; magnesium; iron; zinc; phosphorus; and calcium compared with subjects with low dietary fiber intake. Regardless of fiber intake, subjects with high dietary fat intake were more likely to have adequate intakes of vitamin B12 compared with subjects with low-fat intake.
DISCUSSION
The results of this study of 15-year-old students indicate that adolescents with a low-fat intake and a high-fiber intake consumed more nutrient dense diets compared with adolescents in other fat/fiber intake groups. Low-fat and high-fiber intake did not adversely affect nutrient intake, and high-fiber intake was associated with greater likelihood of adequate intake of several key nutrients, including vitamins A, B6, B12, and C; niacin; thiamin; riboflavin; folacin; magnesium; iron; zinc; phosphorus; and calcium. High-fat intake was associated with greater likelihood of adequate vitamin B12 intake.
Low-fat and high-fiber intake had a minimal impact on energy intake in this population. Although energy intake of the LL group was less than energy intakes of both high-fat groups for females, energy intake of the LH group did not differ significantly from the HL group. For males, low-fat intake did not significantly affect energy intake. Rather, high-fiber intake was associated with higher energy intakes.
Many investigators have expressed concern that limiting fat intake in childhood could adversely affect energy and nutrient intake, limiting normal growth and development. Some researchers have reported poor growth in children on low-fat diets, 25 although the risk may lie in low-energy diets rather than low-fat diets themselves. Other investigators warn against inadequate intakes of nutrients with low-fat diets, particularly for iron and calcium. 26 In a study of 10-year-old children, Nicklas and colleagues 27 noted a higher percentage of children not meeting the RDA for several nutrients in children consuming Ͻ30% of energy as fat, compared with children consuming Ͼ30% fat. However, authors also note that the diets of these children were selfselected and that high-fat foods seem to have been replaced with high-sucrose foods rather than with lean meats, whole grains, fruits, and vegetables. Because data in this study were based on one 24-hour recall, failure to meet two thirds of the RDA for a nutrient only indicates potential risk for inadequate intake, not an actual nutrient deficiency.
In a randomized trial investigating the long-term safety of fat reduction in 663 children 8 to 10 years of age, 14 lower fat intake was related to higher intakes of folate, vitamin C, and vitamin A, with a trend toward higher intakes of iron. However, lower fat intake also was related to lower intakes of calcium, zinc, magnesium, phosphorus, vitamin B12, thiamin, niacin, and riboflavin and to an increased risk of consuming less than two thirds of the RDA for calcium in girls and zinc and vitamin E in boys and girls. Although intake of some nutrients was lower in the low-fat group, no adverse effects on blood biochemical measures were observed, and authors conclude moderately low-fat intakes are safe for children.
Although the combined effects of low-fat and high-fiber intake have not been previously reported in an adolescent population, other studies report a positive effect of fat reduction on nutritional adequacy in the diets of children. 13,28 -30 In a study of 304 children 4 to 10 years of age, lowering the percentage of energy from fat did not affect energy or nutrient intake. 13 In a study of 174 schoolchildren 8 to 12 years of age, children consuming Ͻ30% energy as fat had similar energy intakes but increased energy-adjusted intakes of thiamin, niacin, folate, vitamin C, magnesium, and iron compared with children consuming Ͼ30% fat. 30 In the Child and Adolescent Trial for Cardiovascular Health, a school-based intervention program designed to reduce cardiovascular risk resulted in significant decreases in the percentage of energy from fat and saturated fat in the intervention compared with a control group. In this study, decreased fat intake was associated with increased vitamin and nutrient density in the diet. 29 Using a sorting procedure on data from the 1989 -1991 Continuing Survey of Food Intake by Individuals, Peterson and Sigman-Grant 15 compared nutrient intake of children 2 to 19 years of age who used exclusively skim milk, lean meats, or fat-modified products. Compared with all children sampled, children who exclusively used skim milk had lower fat intakes while maintaining energy and micronutrient intakes, as did those who used fat-modified products such as fat-modified cheeses, salad dressings, cakes, puddings, and yogurts. Children who used exclusively lean meats had lower energy and vitamin E intakes compared with the general sample.
With the exception of greater likelihood of inadequate vitamin B12 intakes with low-fat intake, no adverse nutritional effects from low-fat and highfiber intake were found in this study. Rather, low-fat and high-fiber intake was associated with greater nutritional adequacy for several nutrients. The higher nutrient density and intake of many vitamins and minerals in students with a low-fat and highfiber intake in this study may reflect inclusion of a greater variety of food choices, particularly of fruits and vegetables.
Interpretation of this study is limited because it was conducted with predominantly white students residing in middle to upper class households. More research is needed to determine how low-fat and high-fiber intake affects individuals with other ethnic and socioeconomic backgrounds. Although selfreported dietary data also have inherent limitations, including risk of underreporting intake, a standardized protocol was carefully followed in this study to increase accuracy of the data.
The criteria for low-fat intake and high-fiber intake in this study were chosen to meet current nutrition recommendations of a fat intake of Ͻ30% of energy and a fiber intake of age plus 5. Although controversy continues regarding the most appropriate dietary fat and fiber intake recommendations for children and adolescents, the diets of most American children fall short of meeting both fat and fiber levels regardless of the recommendations chosen. Although levels of fat intake have been steadily decreasing in the diets of US children over the past several years, 70% of US children still exceed current dietary recommendations for total fat and saturated fat intake.
1
Results of the 1994 -1996 Continuing Survey of Food Intakes by Individuals of the US Department of Agriculture show an average daily fat intake of 33% and 34% of energy for females and males 12 to 19 years of age, respectively. 31 The same survey results with the same age group show an average fiber intake of 13.0 g and 17.4 g for females and males, respectively. In the current study, only 4% of females and 13% of males initially screened met criteria for both low-fat and high-fiber intake.
Adolescence is characterized by rapid growth and high nutritional requirements. In addition to physiologic requirements, growing independence, demands of school and work, peer pressure, and changing food choices all combine to make this group nutritionally vulnerable. 32 Based on results of this study, a low-fat and high-fiber intake meeting current nutrition recommendations does not adversely affect energy or nutrient intake, raises nutrient density, and increases the likelihood of adequate nutrient intake for several key nutrients. Health professionals should counsel adolescents to decrease fat intake and increase fiber intake in conjunction with exercise and other lifestyle habits to promote the health and well being of this population.
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Fig 2.
Percentage of subjects in each group consuming less than two thirds of the RDAs for selected minerals.
